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Overview

Given an array of numbers, can we expect a simple
summation to represent the true value of every element
of the array?

Is there a way to quickly tell when values change?

Is there a tool to show where the code 1s failing?
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What is a checksum?

http://wordnetweb.princeton.edu/perl/webwn?
s=checksum

Noun

S: (n) checksum (a digit representing the sum of the
digits in an instance of digital data; used to check
whether errors have occurred 1n transmission or
storage)




Precision of numbers

Given a model of number representation, how
different in magnitude can numbers be before
one of the numbers 1s considered 1rrelevant?
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Debug session

* Open a debug session
— msub -X -q debug -I -1
partition=t1,s1ize=NPES,
walltime=HH:MM:SS

-X allows X-windows to display back
-1 = interactive

-1 = following are submit commands

* Do this 1n a freenx window for X response
times.




Precision exercise setup

* msub -X -q debug -I -1 partition=t1,s1ze=32,
walltime=02:00:00

- ¢d SCSCRATCH/SUSER
* mkdir DDT
- ¢d DDT

* tar -xf ~William.Cooke/ddt examples.tar




Precision exercise

* cd precision

- Inspect the code precision.F90
— Simple code that adds 1e-n to a scalar.

— Prints out running total of the scalar

 Exercise
— ./run precision r8.csh

— ./run_precision.csh




Results of adding 10™

10" -0 1.0000000000000000000 | 10"-10 1.1111111111000000484
107-1 1.1000000000000000888 | 10"-11 1.1111111111100000493
107-2 1.1100000000000000977 | 10"-12 1.11T11111111110001382
107-3 1.1109999999999999876 | 10"-13 L.ITI1111111111000582
10"-4 1.1110999999999999766 | 10"-14 LITT1111111111100502
107-5 1.1111100000000000421 | 10"-15 LITT1T11111111111605
10"-6 1.1111109999999999598 | 10"-16 LITTITIT111111111605
107-7 1.1111111000000000182 | 10"-17 LITTITIT1111111111605
107-8 1.1111111099999999574 | 10"-18 LITTITIT111111111605
10"-9 1.1111111110000000402 | 10"-19 LITIT111111111111605
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Adding le-15

Adding le-16

1 1.0000000000000011 | 1 1.0000000000000000
2 1.0000000000000022 | 2 1.0000000000000000
3 1.0000000000000033 | 3 1.0000000000000000
4 1.0000000000000044 4 1.0000000000000000
5 1.0000000000000056 | 5 1.0000000000000000
6 1.0000000000000067 | 6 1.0000000000000000
7 1.0000000000000078 | 7 1.0000000000000000
8 1.0000000000000089 8 1.0000000000000000
9 1.0000000000000100 | 9 1.0000000000000000
10 1.0000000000000111 | 10 1.0000000000000000
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Model of number format

|IEEE 754-2008 standard defines a 64 bit
floating point format with

52-bit significand
A sign bit
Real*8 (float) number =

(sign)*(1+<fractional significand>) * 2#



http://en.wikipedia.org/wiki/Computer_number_format

Model of number format

IEEE 754-2008 allows non zero number

- £1.797693134862231E+308
—  14.940656458412465E-324
Only good to 15 decimal places.

64 bits can be represented by 16 hexadecimal digits.
e.g. 1023(base10) = 11-1111-1111 (binary) = 3FF

1.0 = sign*(1+significand=0) * 2 *(exponent=1023 -1023)
So 1.0 = 3FF0 0000 0000 0000




Model of number format

We still have the issue of trying to add 2 numbers together
that are of vastly different magnitude.

Do this via the TRANSFER function.
— Use a long-integer (1*8)
—  Bitwise representation of the argument.

— Do an integer sum over the elements of an array.




Checksums in FMS models

Note that if 2 elements of an array are switched the
checksum will be identical. However as climate models
are chaotic, a small change due to a bug will cause
answers to diverge.

These divergences can be spotted using the checksum
capability of FMS.

&coupler nml : do_chksum=.true.

This prints out the checksums of various types before and
after a subroutine is called in the main loop.

Comparison of output will allow you to narrow down where
the divergence is occurring.

~ NB : The output is verbose. Use only if absolutel;i
“/ necessary.




Outline

© ddt

‘ HIGH @
PERFORMANCE
DRCZ 1ccHNOLOGIES v

GROUP




What is ddt?

+ ddt is a graphical debugger.
+ Similar to totalview.

+ Compile code with '-g -O0 '

Do you really need a graphical debugger?
— Maybe not. Examine the output of
the program when run.




How to use?

Run in a directory that is visible to batch

node
— [lustre/fs (Not /lustre/ltfs!)

Load the ddt module
— module load ddt

— ddt ./your_executable.x
— ddt -n $npes ./your_executable.x
— You don't need to add aprun.




CSTARTMPI exercise

cd cstartmpi
Jrun_cstartmpi.csh

Runs program cstartmpi.exe

without arguments (runs to completion)
with arguments (fails)

without arguments but a different pe count (fails with
Segmentation fault)




Opening Window

l Application: /lustre/fsiscratchiwilliam.Cooke/20120628/cstartmpifcstartmpi.exe foo
| bar blah

You I I lay Application: |.flustre.n‘fs.rscratchMiIIiam.CookeQD‘lQDGZBJcstaHmpi.fcstartmpi.exe | ﬁl

Details

Arguments: | foo bar blah |

Change Input File: | [ El
arguments, o I

; ¥ MPIL 4 processes, Cray XTHEMK (MPlshmem) Details

Eumberofprocesses:l-d 32

Implementation: Cray XT/XEXK (MPIfshmem), no queus  Change... |

Press run.  swasmo] 2

[T OpenMP Details =
T cupa Details =
[~ Memory Debugging Details..

Environment Variables: DMALLOC OPTIONS debug=0x008 Details =
Plugins: none Details
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ource Window

Session Control Search Wiew Help

[»[u a5 RE+ELEIEIEE ! BO-5-

|| Current Graup: [l _~|Focus oncurrent &5 Group ¢ Process ¢ Thread [T Step Threads Togetier

i (Lo {6 2 [

Create Group

FrojectFiles & X | ¢ cstatmpic [ | Locals  CurrentLine(s) | Current Stack
(Chrl+k) [ i 7 . . «||Current Line(s) B X
& 30 void (*g)(int); = -
& Project Files g1 Variable Name lh’alue
. 9 Source Tree 82 MPI_Status status; /* Return status for receive =/ i
23 X7 fifat0s
84 t2 = mallocisizeof(typeThree));
85
86 for (p=0;p<100;p++)
87 bigArray[p]=80000+p;
88
89 MPI_Init(&arqc, &arqv);
90 MPI_Comm_rank (MPI_COMM_WORLD, &my_rank});
91 MPI_Comm_gize (MPI_COMM_WORLD, &p);
92
93 dynamicArray = malloc{sizeof(int)%100000);
94 gdim = malloc(sizeof(int) * p);
95
96 for(x=0;x<10000;xX++)
97 {
98 dynamicArray[x] = x%10;
99
100
101 printf("my rank is %d\n", my_rank); B | >
4 | _’I < i, | _’IJ [Type: none selected
InputOutput | Breakpoints | Watchpoints  Stacks | Tracepoints | Tracepoint Outut | Evaluate B
Stacks & x [ Expression [value |
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SIGSEGV error message

There Is an error

J.!tl.lﬁl_ea -.DI_ZD-T"{u.n_- n_zlng;r;l}

& Process 0

Process stopped in strlen {strlen.5:31) with signal
SIGSEGY (Segmentation faulf).

Feason/Origin: address not mapped to object
(atternptio access invalid address)

Your pragram will probably be terminated if you
continue.

You can use the stack controls to see whatthe
process was doing atthe time.

¥ Always show this window for signals

= Continue |

PR ——

Press Pause
Look at the “Current Stack” window
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Current Line Tab

Click on the "Current Line(s)" tab. What is the
value of y?

b ocstartmpic [ | Locals ~ CurrentLine(s) | Current Stack |
108 tables[x][y] = (x+1)x({y+1); _«||Current Line(s)
1{1}3 Y Yy += my_rank + 1; Variable Name |"u"alue |
Tid ) ;rg'u' _?;T;ﬁfﬁﬁacfﬁ
112
113 if(argc > 1 && my—_rank == 0)
114 {
115 printf("Rank %d has %d arguments.\n", my_rank,
116 printf ("They are:\n");
117 for(x=0; x<arqc; v++)
118 print_arg(arqv[y]);
119 }
120

Is the value of y correct?
Is there anything wrong with this loop?
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New Session

Correct the loop and run ————

Bun...

. . Load Session... I L h.. =
Jrun_cstartmpi.csh again to  seseson. aer. |
—_ . Restart Session... Open Core...

recom pl Ie th e COd e . ChangeAftached Processes.. Restore a Checkpoint..
End Session
= bi.c [ |
. . Options...
Session-> New Session-> Run 2.

Exit 1

|+ I Header Files 112

- 71 Source Files 113 if {argcec > 1

Run the code to completion
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Exercise 2

Session-> New Session-> Run
Change the core count to > 4

| ¥ MPL S processes, Cray XTHEXE (MPshmem) Details =

ﬂumberufprucesses:lﬁ 3:

Implementation: Cray XTEEMXKK MPIshmem), no queue  Change... |

aprun arguments | |

whilely != 12)
Find out what is } ;Ele;i{f%é;’iiiif*l‘*”’*l"'
the problem. Allinea DDT, (on c2-login1)

FProcess 4.
= 1 && my - o

Mermory errar detected in main (cstartmpi.c:108).

printf ( "RA Process attempted to dereference a null pointer ar execute an S5E instruction
. n with an incorrectly aligned memory address (the latter may sometimes occur
pI‘lIltf ( Tt spuriously if guard pages are enabled)
for (}{:ﬂ A Tip: Use the stack list and the local variables to explore your program's current
for(y=0; ¥y state and identify the source of the error.
print|

= guntinuel

al ||

5 | Tracepoints |

;
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trisol exercise

cd trisol
Jrun_trisol.csh

Runs program trisol.exe

Memory error

Walkthrough of how to turn on memory debugging.




trisol exercise

> aprun -n 4 ./trisol.exe
*** Solution correct

IX| / (sgrt(n)*epsilon™(|Al*|x| + |b|) = 3.7352-215

> ddt -n 4 ./trisol.exe

Runs to completion.

So everything is good?? No. There is a memory
error in here.




Memory Debugging

| % DDT - Run (on c2-login1) x
Application: /lustrefs/scratchMilliam. Cooke/201 20628 risolirisol.exe Details |
Application: |IIustrerfs.fscratchMilliam.CookeQm20628.|‘trisol.l‘trisol.exe ;[ El i
R t rt th . Arguments: | |
esla € SesSsion. ot | i
Ch k th M Working Directory: | ;l El
emory
eC e I¥ MPI: 4 processes, Cray XTIXE/XK (MPl/shmem) Details |

Debugging box. s rpcesses [

Implementation: Cray XTXEKK (MPEshmem), no queue  Change.. |

N " I aprun arguments | ;l
Click on Details.
[T cupa Details
¥ Memory Debugging: Minimal, Mo guard pages, Backiraces, Preload Details...
Environment Variables: CMALLOC OPTIONS debug=0x008 Details
i Plugins: none Details -
e
Run Cance| |
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Memory Debugging Options

'% Memory Debugging Options (on c2-loginl) x

¥ Preload the memory debugging library:  Language: |C.-'Furt|'an, no threads ;|

Note: Preloading only works for programs linked against shared libraries. If your
program is statically linked, you must relink it against the dmalloc library manually.

Check Preload the
—Heap Debuggi
) nginiri;ifz:ist tests, picks up invalid pointers passed to memaory functions) m e m O ry -
- Low (adds minimal heap checking, overwriting of allocatedifreed space) I n th e H ea p d e b u g g i n g
M i options check the
High box.

Leave the Heap
Overflow unchecked
(for now).

i~ Runtime (fast basic tests including fence-post checking, null handling)

i~ Custom: |-t-|an|\,chE-:h—fun-:5,|eall-:uc--:u:-py:flee-p|'-:|ter,t.fr-':e-I:-Ianla,allclc-hlanlu

o —Heap Overflow/Underflow Detection

cl [~ Add guard pages to detect out of bounds heap access
v Guardpages: |1 3: Add guard' pages: |.¢.ﬁE| b I

ir —Advanced ;

i [~ Specify heap-check interval: |1DD 3:

v Store stack hackiraces for memory allocations

[~ Only enahle for these processes:

[0 100% | selectall | L2 | w05 | 1% |

[8]:8 Cancel | HIGH
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Memory Error.

Run the program.
DDT reports an array overflow.

Allinea DDT (on c2-login1)

‘ Process O
|!i|

MMemory error detected. n
a previous write overwrote the reserved memaory after the end of a memaory £

allocation
Tip: Use the stack list and the local variables to explore your program's curremnt

state and identify the source of the error.

= guntinuel !

Where is the overflow?
We'll use guard pages to find out.
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Guard Pages

Restart the session.

Click on Memory
Debugging->Details.

Check the "Add
guard pages" box
under "Heap
Overflow/Underflow
Detection”

Leave at "1" and
"After"

[v :Preload the memory debugging library::  Language: |C/Fortran, no threads |

Note: Preloading only works for programs linked against shared libraries. [f your
program is statically linked, you must relink it against the dmalloc library manually.

—Heap Debugging

¢ Minimal {fewest tests, picks up invalid pointers passed to memaory functions)
i~ Runtime (fast basic tests including fence-post checking, null handling)

¢ Low (adds minimal heap checking, overwriting of allocated/freed space)

¢ Medium (adds full heap checking, always relocates block on realloc)

+ High (adds checking for arguments to common functions)

i~ Custom: I—hlanl{,t|‘|EI:li—TLII'IES,I'EEIllE'E-EI:lp'_-.-',TI'E-E-|JI'DtEIIt,TI'E'E-ljlaﬂhallﬂf-ljlal'll{

—Heap Overflow/Underflow Detection

v Add guard pages to detect out of bounds heap access
Guard pages: |‘I 3: Add guard pages: |Aﬂer vI

—Advanced

[~ Specify heap-check interval: |100 3:

v Store stack backiraces for memory allocations

[T Only enahble for these processes:

[03 100% | selectall | e | s | 1w |
oK Cancel |
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Memory Error.

Run the program again.
DDT reports a memory error |n check f90

nlllnea DDT {un cz Iugi'r'n}

e Processes 0-3;

Memory error detected in check (check f20:27).
Process attempted to read or write heyond the end of
heap memary it had allocated

This error will be suppressed for subsequent
readfwrites to this mermory location.

Tip: Use the stack list and the local variables to
explore your program's current state and identify the
source of the error.

[T Suppress memary errars from this location in future

= guntinuel !

n. n nrorgexhlinfk g917e |

Click Pause

Look at the size of res in the "Current
Lines" tab.
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Size of res.

O | ] ]

o190 (1 [ checkio 717 Locals  CurrentLine(s) | Current Stack |

n = SIZE(a,l) | |Current Line(s)

ALLOCATE (res(n),tempin)) Aixirabie Name [valie |

IF (me.LE.0) THEHW ':ES 4055
temp = b |

ELSE Type: REAL*B (4095)]
temp = ZERO

END IF

DO k = 0, block_sgize
resik+1) = k+1
END DO

res is size 4095

k =4095 so we are trying to write beyond
the end of res (res(k+1))
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Exercise 3.

Fix the code by inserting

DO k =1, block_size
res(k) =k

END DO

And run ./run_trisol.csh to recompile
Then
ddt -n 4 ./trisol.exe




Exercise 3 continued.

B 5 -- L
You should get a o

" E i fa0:30).
Memory Error in e e T

heap memaory it had allocated

This errar will be suppressed for subsequent
matn rm . readiwrites to this memaory location.
Tip: U=e the stack list and the local variables to
explore your program's current state and identify the

Pause the jOb and by source of the error.

[~ Suppress memary errors from this location in future
examine values of i, & o (e
K, J1, j2 on different ! Wl
Processors.

You'll need to pause all cores.
See if you can figure out what is wrong.
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Exercise 3 Hints

What is the block_ size on each core?
Does it seem correct?
Where is it defined?

How do you define an array in Fortran?
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Questions?
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